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Physics Motivation

Proton spin

/// N
* The proton's spin is not ‘\/
simply a summation of
. . . / AN
qguark spin states within the
nucleon A

 First measured 20

years ago
e 'Spin crisis'

\ \

) Spin = %
utu+d # 72
quark

Sum Rule: 12 = 1/zAZ+1/2AG+1/2LZ

« 20+ years of investigation

through (SI)DIS

Spin=7%
utut+d+++ =77

* Brought us a broader
understanding...
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Physics Motivation

Sea quark contribution

« One missing piece — sea
polarization

e Quark polarized PDFs well
constrained in fit to world data

e Sea-quark — only roughly
known

e Errors represent fit uncertainty

e lack of data and

 model uncertainties in
fragmentation functions
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Physics Motivation

W as a unique probe

—r

///

 W's provide a clean probe
of the sea 7 r
« Maximally parity violating p mﬁ;_"<v
 Measure decay leptons

 W+: probes d-bar
contribution

 \WW—: probes u-bar
contribution :

_0.5 L ] L L L ] L L L ] L L L ] L L L ] L

nlept
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RHIC Spin
RHIC Spin

. Polarized protons from 200-500 GeV

Absolute Polarimeter (H1 je\t)A RHIC pC Polarimeters o _
_ N . Longitudinal and transverse running

—
NS

3 o\

ADY.

. Two systematic advantages:

. Siberian snakes: reduce
depolarizing resonances

. Alternating spin pattern (reduces
uncertainty in relative luminosity due
to positive/negative helicity)

Spin Rotators

longitudinal polarizati
(longitudinal polarization) Spin Rotators

Pol. H™ Source (longitudinal polarization)

‘/Helical Partial
Siberian Snake

% "~AGS pC Polarimeter
Courtesy Y.Makdisi Strong AGS Snake
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Past Results

Central-arm measurements
(Run 9 data)

C Phys. Rev. Lett. 106 (2011) 062001 ° FIrSt meas_u rements_ Of W
5 F Positron candidates cross-section and single
S e spin asymmetries at RHIC
Sk % b e From both PHENIX and

3 ] STAR

§ % RRRERREE IIEIect:;::lrnI:arl'ldild;t;sl o _ o
8ol ] esimasaso » Jacobian peak clearly visible
E E % Estimated BG after Isolation Cut at Iarge momenta
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Past Results

Results and Forward expectations

< | < |
P P T e First measurement of
W*+Z [ W+Z ¢ . .
[ . electron single spin
- pS > 30 GeVic - p;>30 GeV/c .
o 05 asymmetries at central
_Iye|<0.35 _|ye|<0.35 e ey
! - | . rapidities (Run9)
T - W*and Z°
iIndistinguishable
— DSSV
B DNS kkp
......... g:gt’(red
st _
: —- GRSV val « More data available from
L b b bl b | 1_| ----- ||||| ------ " Run11 and Run12
2 -1,5 -1 05 0 05 1 1.5 2 2 15 -1 05 0 05 1 1.5 2
y y
. o H e Larger asymmetries
€, = P"_ — k- ‘F\'_ A P expected at higher rapidity
N+t 4+ R -N— P
Measured Asymmetry Corrected Asymmetry
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Detector Requirements

Forward Analysis Plan

e Measure forward muons

* Large asymmetry expected
« PHENIX already has a forward muon detector

e Caveats

 Muon arms proven only at low momentum

* Large low-momentum muon cross-section from
background sources

- Need to trigger on high-momentum tracks
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Triggering

Befo re u pg rade Inclusive [l Production, 500 GeV/c

L o Eimary source of muons 3

* Trigger on MulD only CI ]
U 10 = M W boson =

1 \T—f ?‘:Iu (J YZ hoson ]

* All p>2GeVic survive  F 1'te . e

_ = = s
 Dominated by low-p. 5 0le 0 Charm
muon track candidates 105 E

10 5%— —é

. - 10 Y —;

« Solution: add the capability
to select only high- e EF‘*" Fnp, W
momentum tracks 102 E o %
10 é— % EFL‘** _é

1 :IIII|IIII|IIIllllllf'ﬁ\?\ll:tl‘i**IIhIII|IIII|IIII:

0 5 10 15 20 25 30 35 40 45
pL(GeVic)
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Triggering
Upgrade (2009-2012)

& e » Front-End Electronics Upgrade to
muon tracker

e Trigger minimum momentum

 Additional Resistive Plate
Chambers

« Time measurement relative to
crossing

=
MulD || « Spatial measurement in n and ¢
>

ZDC North

For both muon arms, only North arm
Is shown

Construction competed with ongoing
commissioning in Run12

» View
m= 60 fi
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Triggering

After upgrade

Trigger Efficiency: “SG1”+RPC

§ 4L *
* Trigger on straight-line E [ ,,
tracks through the whole & } e uil 2k
=08
muon arm 3} j
[ £
® EXCIUdeS |OW' ﬂ.ﬁh— Inclusive |L Production, 500 GeV/c
momentum muons : -0
04} 5
« SG1 — allows a bend in
the muon tracker of 1 strip el
 Leads to a momentum ! N T .
CUt Of abOUt 10- u-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIpIil:GIeIV:cI)I
15GeV/c © S 10 15 20 25 30 35 40
P, (GeV)
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Triggering
Background rejection

« RPC's allow one to reject some DX magnet
backgrounds , 0 background _
» Matched tracks at fixed time ~ § [Run 11 Data
200 |
e Backgrounds from DX I Next incoming
magnets and incoming Bunch background
beam bunch are separable. | |
« Narrow time window in trigger 190" All Data _
further improves on trigger ‘AT {Noise
rejection i 1
DDHII1|[IH 20 |3|l.'llll_ljﬁl

Matched tracks ppc Time (106ns/44)
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Triggering

DX magnet
- " 0 background
Background rejection : #ivsm
2001 Next mcoming
Bunch background
« RPC's allow one to reject some -
backgrounds 100
 Matched tracks at fixed time —INois
N 1e
e Backgrounds from DX N
magnets and incoming Fﬁ;’é‘“me (106ns/44)
beam bunch are separable. Matched tracks

RPC 3

.

_I T T T T 1T 17T T 1T 17T 1T T T 1T 1T T 17T 17T 17T 17T 17T 1T 17T 1T T T I ]
)] 50._— ] o Dipc _
= - collision-relate ]
() — "“-:-.._____________ —
g 0 ZDC I t ]
- - Intersection -
=l e \ :
O -50.,— :
O — —

B 1 | 11 1 1 | 1 11 1 1 1 1 1 | 1 1 1 1 | 11| 1 | 1 1 | i

~—20. -15. -10. -5 0. 5, .
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Analysis Challenges

Understanding Backgrounds

e Background and Signal
spectral shapes are not
dissimilar

] B

 No Jacobian peak to help
distinguish signal from Reconsiructed pT (GeV/c)
[W—qq [W— = |[W—n|
background level GEANT simulation

F W=l

E W+—)I+ — ]

- + Central arm (")
- LA

=

e TWO issues:

e
=

« Dominating fake background
from low-p_hadrons

e
5

- Forward arm (u*) :-:_

Counts [a.u.]
3

I
=

» Momentum smearing in E
muon arms ofelsel ot o]
Muon Transverse Momentum [GeV/c]
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Fake background reduction

Track Quality Cuts

5<p.<60GeV/c

* Main defense against fake

background Uncorrected data

e |ow-momentum hadrons
typically have a different
residual distribution

e Cut to retain 90%
(tightest cut) to 99%
(loosest) muons
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Fake background reduction

Reduce background by
requiring each cut to retain

900/0, 950/0, 97%, or 99%
of signal muons

Vertex
Matching
]

L}
- d H H
! SM":I:'F’_IE " These variables would have SMUIt'p_Ie H Ig h pt track
! cattering ! some “trace” of multiple scattering... cattering
——p < :
: sagitta v
»

. decay track
Fake background — wider residual distributions

low pt track
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Fake background reduction

Track Quality Cuts

* Rely mostly on

simulations to provide

cut positions

* Checked with real
muons from J/y
decays (low-p)

e Checked with cosmic
muons (high-p)
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Effect of cuts on Jfy

10§

!

Cut level: 90%

qu ‘n Hl

m i

H\“h'"”ﬂ\ _

il

ant Mass [GeV/c?]
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Momentum smearing

Simulations and Cosmic-Rays

P, distribution
| oo I 1 L .
3 %0 "  Significant smearing at large
L | momentum
0 °
sof :  Use cosmic rays through
N ! both muon-arms to evaluate
20 detector response in
10 _ . .
B S e simulations
S ! . . .
e T e ‘7 « Single muon simulation
oL % | ' e Reconstructed versus true
13 ;- momentum
3 b . .
o ot < * Simulated (red) and back-to
e e e back cosmic-ray muons (blue)
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Results

U Cross-section

- Data and expected simulated p
cross-section

« W—y signal
« lIrreducible background
- Fake background

« Data are reduced by ~2-3 orders of
magnitude

« Good agreement with simulation

« Residual signal to background ~1:3
(p,>15GeVic)

. Starts at 1:>300 (p,>15GeV/c)
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Results

Signal-to-Background

« Need to estimate signal-to-
background for the dilution factor

« Two methods

« Simulation only

- Simulation (signal) and data
(signal+background)

o Zero checks:

« Asymmetry vanishes for loosest
cuts (more background)

« Asymmetry vanishes for lower
momentum (more background)
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Results

U Asymmetries

T T L) |
< 1.5t WHHZ—sp* in P+p collisions at 500 GeV (2011) -
L Polarization scale uncertainty: 5.9 % i

- A ]

= [DNS min
— D55V 1
= DNS max -
— GRSV sad 1
— GRSV val

 Forward muon single spin
asymmetries

» \s=500 GeV

[ P~50% RIE!]{‘]IH)S (W—I:ZJ:U‘)(EEEI{:JRII phlu:-munu:d I'c:rhluckgl ||||| I d I I -:
- -1 0 1 2

e L~25pb’ per arm 3

|

preliminary

® CO m pa red to R H I C B O S < 1 5- | ::r:l:i;:t!‘]lor: scale ;nccrtalim}'l: S.ID o P—H:::‘E_le | -

o Statistics limited, but
currently taking more ; [ —— |
510GeV collisions T ST
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Highlights

 First results from PHENIX's forward W program
« More results to come from the on going 510GeV run

« New upgrades provide trigger rejection to reject low-p muons

« Construction just completed for Run 12 (2012)
« Commissioning still ongoing, ready for next 500GeV physics run

« Need 300pb™ to complete the W program

e To provide a direct constraint on the sea contribution to the protons'
spin
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